A sexual con£ict over levels of parental care occurs in most animals with biparental care, and studies of sexual di¡erences in levels of parental care have usually focused on its intra-annual ¢tness consequences. We investigated inter-annual ¢tness consequences of a sexual di¡erence in timing of feather replacement (moult) in collared £ycatchers (Ficedula albicollis). In this study, males overlapped reproduction and moult more often than females, they also initiated their moult at an earlier stage of breeding than females. Females mated to males with a moult-breeding overlap had signi¢cantly lowered survival chances than females mated with males initiating moult after breeding. Furthermore, females mated with moulting males risked a lowered future fecundity in terms of a delayed start to breeding in the following season. However, early moulting males achieved a similar reproductive success as males initiating moult after breeding. Likewise, male survival probability to the following breeding season did not di¡er between early and late moulting individuals, nor was there any evidence that males gained or lost in future mating advantages by moulting early. These results show not only that a sexual con£ict over timing of moult may operate, but also that it can impose severe ¢tness consequences, in terms of future reduced fecundity and survival probability, upon the`losing' sex.
INTRODUCTION
Whenever biparental care occurs in a species, the sexes may have di¡erent optima of parental e¡ort, and thus there is always a potential for a con£ict over the respective levels of reproductive investments of the two sexes (Williams 1966; Trivers 1972; Clutton-Brock 1991) . Sexual di¡erences in levels of parental care have been studied in a large number of species, above all in birds, in which a great variation exists in the amount of care given by the parents (Ketterson & Nolan 1994) . A number of experimental studies have been designed to investigate the relationship between the level of sex-speci¢c parental care and reproductive success in birds (Wolf et al. 1988; Wright & Cuthill 1989; Bart & Tornes 1989; Clutton-Brock 1991) . Numerous studies have investigated intra-annual ¢tness consequences on a sexual di¡erence in levels of parental care, but only a few studies have investigated inter-annual ¢tness consequences of female compensation. These studies found no relationship between female reproductive investment and survival probability (Ketterson et al. 1992; Bensch 1996 ; but, see Slagsvold et al. 1994; KÌÌr et al. 1998) , or future fecundity (Bensch 1996) .
A sexual con£ict over levels of parental care may arise as a consequence of males and females allocating di¡er-ently to reproduction and self-maintenance functions, respectively. For example, in birds where somatic investment in new feathers is traded against reproductive investment (SiikamÌki et al. 1994; Nilsson & Svensson 1996) , a sexual con£ict may arise if one sex initiates moult during breeding and reduces its reproductive investment accordingly (Creutz 1955; Ezaki 1988; Svensson & Nilsson 1997) . In fact, despite numerous potential costs (e.g. LindstrÎm et al. 1993; Swaddle & Witter 1997) , moult has been found to overlap with nestling feeding in many bird species (review in Jenni & Winkler (1994) ). Although moult-breeding overlap occurs in females, it is much more common and of longer duration among males (review in Jenni & Winkler (1994) ).
One experimental study has demonstrated that induced feather loss in adult pied £ycatchers (Ficedula hypoleuca) during nestling feeding had a negative e¡ect on reproductive success (Hemborg & Lundberg 1998) . That particular experiment also showed that males with a moult-breeding overlap had lower survival probability than control males which postponed their moult until after breeding. However, the ¢tness consequences of a sexual di¡erence in moult-breeding overlap are little explored. Ezaki (1988) reported that nestling mortality increased if male great reed warblers (Acrocephalus arundinaceus) deserted their brood to start moulting. An extensive moultbreeding overlap in male blue tits (Parus caeruleus) has also been found to increase nestling mortality (Svensson & Nilsson 1997) , and it has been suggested that the sexual di¡erence in timing of moult can create a con£ict between male investment in self-maintenance and female reproductive success. Alternatively, an early-moult among males may, in fact, be the result of the sexual con£ict over levels of parental care. Nevertheless, there is a potential intra-annual ¢tness cost to passerine females because of a widespread male tendency of starting moult before their nestlings have £edged.
The aim of the present study was to investigate whether the sexual di¡erence in timing of moult in collared £ycatchers (Ficedula albicollis) may impose interannual ¢tness costs upon females. It also aims to explore the potential costs and bene¢ts of early moult accruing to males, in order to better understand the adaptive background to sexual di¡erences in moult schedules.
METHODS
This study was conducted during the breeding seasons of 1993 and 1994 in a nest box breeding population of the collared £ycatcher on the island of Gotland, Sweden. Collared £ycatchers are small insectivorous passerine birds which spend the winter in tropical Africa. The female builds the nest and incubates the eggs, but both sexes participate in nestling care. We regularly inspected the nest boxes to determine date of egg laying, clutch size and hatching date of eggs. To manipulate adult workload during nestling feeding, we performed brood size manipulations. Two days after hatching we swapped nestlings such that some broods were reduced and others enlarged by two nestlings. A control group was achieved by swapping nestlings between nests, but without changing brood size. In total, we manipulated 132 pairs of collared £ycatchers, while the number of control nests, including unmanipulated breeding attempts, was 147. These brood size manipulation experiments have earlier been shown to have no e¡ects on timing of adult moult (Hemborg & MerilÌ 1999) .
At day 13 after hatching (i.e. just before the young leave the nest), we captured all adults when they were feeding the nestlings. Adults and o¡spring were ringed, or identi¢ed from rings from previous years, and measured according to standard procedures (see MerilÌ & Gustafsson 1993; MerilÌ 1996 MerilÌ , 1997 . Adult wing moult was recorded, and we classi¢ed all individuals as either`moulting' (thus having a moult-breeding overlap) or non-moulting' (thus postponing the moult until after reproduction). All individuals were also assigned a moult score according to a standard moult scoring system, where an old feather was 0, growing and missing feathers were 1 to 4, and a completely grown feather was 5 (see Ginn & Melville 1983) . The moult score of an individual was calculated as the mean score of all £ight feathers in each wing. The sexual di¡erence in moultbreeding overlap is the di¡erence in moult scores between the male and the female of a pair.
To examine whether moult-breeding overlap imposed ¢tness costs, we examined £edgling condition, and the number of £edglings and adults that survived to the following breeding season. The return rate of collared £ycatchers in our study area is high (Gustafsson & Sutherland 1988; PÌrt & Gustafsson 1989) , and when assessing adult and £edging survival we considered birds which were recaptured as breeders in the study area in any of the subsequent years (1994^1996) as`survivors' or recruits', whereas non-recaptured individuals were regarded as non-survivors'. Furthermore, we compared future fecundity of surviving females in terms of date of egg-laying and clutch size. In male collared £ycatchers, the white forehead patch is a sexually selected character and has an important role in malem ale competition (PÌrt & QvarnstrÎm 1997; Sheldon et al. 1997b) . We measured the change in male forehead patch area (standardized for original patch area) from one year to the next to investigate whether a moult-breeding overlap might bring any ¢tness bene¢ts (i.e. increased forehead patch area) or costs (i.e. reduced forehead patch area) to males (cf. Gustafsson et al. 1995) . We also investigated whether timing of moult might a¡ect the wing length (standardized for age) that a male achieved after the moult, or the timing of future breeding attempts.
The return rate of adults was analysed using a logistic regression model, where all interactions between the independent variables were initially included, and the best model was found by backward elimination of non-signi¢cant variables. The residuals from a regression of mean brood mass on mean brood tarsus length were used as an estimate of £edgling condition (MerilÌ 1996) . Non-signi¢cant interaction terms have been deleted if not otherwise stated. All signi¢cance levels are twotailed.
RESULTS
A temporal moult-breeding overlap was found in both sexes, but males started moulting during nestling feeding more often than females (36.8% versus 3.1%, respectively; 1 2 87.5, d.f. 1, p50.0001). At 13 days after hatching, males had, on average, a much higher moult score than females (moult score AE s.e.: males (n 247), 1.3 AE 0.1; females (n 261), 0.03 AE 0.01; Mann^Whitney test: z 9.77, p50.001). A comparison of the moult scores of birds with moult-breeding overlap showed that males, on average, were in a more advanced moult stage as compared to females (moult score AE s.e.: males (n 91), 3.5 AE 0.3; females (n 8), 0.94 AE 0.2; Mann^Whitney test: z 3.37, p50.001). The sexual di¡erence in moult scores was independent of the brood size manipulation experiments (moult score di¡erence AE s.e.: reduced broods (n 57), 1.2 AE 0.3; control broods (n 120), 1.2 AE 0.2; enlarged broods (n 59), 1.3 AE 0.3; Kruskal^Wallis test: H 2 1.34, p 0.51) but it increased as the season progressed (Spearman rank correlation: r s 0.322, p50.001, n 236). Moulting males were, on average, breeding two days later than non-moulting males (Mann^Whitney test: z 5.19, p50.001), while no signi¢-cant di¡erence was observed in breeding date for moulting and non-moulting females (Mann^Whitney test: z 1.26, p 0.21).
When controlling for breeding time, male moult status during breeding did not a¡ect £edgling condition (residual condition AE s.e.: non-moulting males (n 153), 0.03 AE 0.08; moulting males (n 90), 0.001 AE 0.10; ANCOVA: F 1,235 0.96, p 0.33), but there was a signi¢-cant e¡ect of brood size manipulations (residual condition AE s.e.: reduced broods (n 64), 0.383 AE 0.10; control broods (n 139), 70.026 AE 0.08; enlarged broods (n 65), 70.341 AE 0.14; ANCOVA: F 2,235 6.90, p 0.001). There was no di¡erence between moulting and nonmoulting males, in the number of young recruited to the breeding population (ANCOVA: F 1,242 0.40, p 0.84) or among experimental groups (ANCOVA: F 2,239 0.85, p 0.43). The change in male forehead patch size to the following year did not di¡er between moulting and nonmoulting males or among the experimental groups (twoway ANOVA: male moult status, F 1,77 1.17, p 0.28; brood size manipulations, F 2,77 1.21, p 0.30). Similarly, male wing length and breeding time in the following breeding season were independent of male moult status and brood size manipulations (two-way ANOVA: all Fvalues 51.45, all p-values 40.20). Male survival was independent of his own moult status, the moult status of his partner, experimental treatment, study year and breeding time (logistic regression: all p-values 40.15).
Female survival was independent of her own moult status just before the £edging of the young, timing of breeding, brood size manipulations and study year, while females mated to moulting males had a signi¢cantly lower return rate as compared to females mated to a nonmoulting male (table 1 and ¢gure 1). Furthermore, if female reproductive investment increased as a result of male moult-breeding overlap, it is to be expected that this might also a¡ect female future fecundity. Among surviving females, those mated with males previously showing moult-breeding overlap started breeding signi¢cantly later than females that were aided by a non-moulting male (table 2) . However, male moult status at 13 days after hatching had no signi¢cant e¡ect on surviving females' clutch size (table 2) . Brood size manipulations neither a¡ected future breeding time or clutch size (table 2).
DISCUSSION
Studies of the reproductive consequences of a low or missing level of male parental care have usually focused on nestling growth and survival to independence (reviews in Wolf et al. 1988; Bart & Tornes 1989; Clutton-Brock 1991) , while the reproductive costs that the female may have to pay because of decreased male care have largely been ignored. The sexual con£ict over level of parental care may be in£uenced by several factors, such as paternity probability, and in birds, also by a sexual di¡erence in timing of moult (Creutz 1955; Ezaki 1988; Svensson & Nilsson 1997 ). On Gotland, male collared £ycatchers regularly moulted during nestling feeding and initiated their moult earlier in the breeding cycle as compared to the few females that began moulting before the young had £edged. Timing of male moult neither a¡ected £edg-ling condition nor the number of young that were recruited to the breeding population in the next year. Thus, male moult status during nestling feeding seemed not to a¡ect o¡spring quality. By contrast, females mated to early moulting males had signi¢cantly lower survival probability than females aided by a non-moulting male. Although surviving females that were mated with early moulters did not su¡er from reduced future fecundity in terms of a lowered clutch size, they bred later the following year than females mated to non-moulting males. As in many other passerine birds, early breeding in collared £ycatchers is advantageous (Wiggins et al. 1994) , and hence, females mated to moulting males seemed to su¡er a reduced future fecundity. Our results contrast with those obtained for the blue tit, where an early male moult increased nestling mortality (Svensson & Nilsson 1997 ), but female survival was independent of male moult status (E. Svensson, personal communication) . Thus, in the collared £ycatcher the female pays a signi¢cant costs of an early male moult, whereas in blue tits the costs are laid on the o¡spring. This di¡erence between the two species can have several explanations, but it may relate to the large di¡erence in clutch size. The relatively small clutch size of the collared £ycatcher, as compared to the blue tit, may indicate a higher reproductive value of each o¡spring. Thus, to our knowledge, this study is the ¢rst to suggest that a sexual di¡erence in an allocation of time and energy between reproduction and self-maintenance may impose lifetime ¢tness costs on the`losing' sex.
The mechanisms causing ¢tness costs in terms of reduced survival probability and reduced future fecundity on females mated to males with moult-breeding overlap are not known. However, it may be related to the fact that there is a negative relationship between moultbreeding overlap and amount of parental investment, as has been found in the closely related pied £ycatcher (SiikamÌki 1998; Hemborg 1998) and in other species (Morton & Morton 1990; Amat 1995; Nilsson & Svensson 1997 ; see also Swaddle & Witter 1997) . Thus, it is possible that male collared £ycatchers reduced their level of parental care when they initiated moulting, and that the females su¡ered from reproductive costs if they increased their reproductive investment in response to male moultbreeding overlap (cf. QvarnstrÎm 1997; Sheldon et al. 1997a) . A previous study of collared £ycatchers has shown that female survival probability may decrease when their reproductive investment is experimentally increased Timing of moult and sexual con£ict C. Hemborg and J. Merila« 2005 Proc. R. Soc. Lond. B (1998) (Cichon et al. 1998) . By contrast, some other studies have found that male pied £ycatchers may respond more to brood size manipulations than females, for example in terms of increased feeding rates (Moreno et al. 1995) , or reduced survival probability (SiikamÌki et al. 1997 ).
There are several potential bene¢ts of starting moult early. One bene¢t may be that the moult can be initiated during a period of high food abundance, which usually coincides with the nestling feeding (Perrins 1991 ; see also Ginn & Melville 1983) , and/or that more time will be available for completing the moult before the start of autumn migration. Furthermore, in a previous study of collared £ycatchers on Gotland, a trade-o¡ was observed between male reproductive investment and their forehead patch area in the following year (Gustafsson et al. 1995) . The forehead patch is an intra-and intersexually selected male character (PÌrt & QvarnstrÎm 1997; Sheldon et al. 1997b) . Thus, one possible bene¢t for early moulting males could derive from their opportunity to allocate more resources to their somatic maintenance, with the consequence that they might return in the following breeding season with larger forehead patches, or with longer wings. The latter may be advantageous for a rapid spring migration to the breeding area. In the present study, we were unable to identify any bene¢ts accruing to early moulting males, although such are likely to occur in view of the widespread occurrence of male moultbreeding overlap (Jenni & Winkler 1994) . This interpretation is also supported by the lack of negative ¢tness e¡ects of moult-breeding overlap on males in this study.
In conclusion, the sexual di¡erence in timing of moult may have important inter-annual consequences in terms of reduced female survival probability and future fecundity. A sexual di¡erence in allocation of time and energy between reproduction and somatic maintenance may be an important factor underlying the sexual con£ict over parental care in birds, and most likely also in other animals with biparental care. 
